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Stanley P. Wasik injects a hydrocarbon sample into the modified gas-liquid 
chromatographic analyzer as Wing Tsang makes notes on the recorder. 
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Ethylene, well separated from its 
deuterated products, illustrates the very 
good separation possible using the modified 
gas-liquid chromatographic technique. 


GAS-WATER CHROMATOGRAPHY 


AIDS WATER POLLUTION ANALYSIS 


EXPERIMENTS at the Bureau showed 
that aqueous solutions of complexing 
metal ions may be used as the station- 
ary phase in gas-liquid chromatog- 
raphy (GLC) columns. Metal ion 
solutions have been used for separat- 
ing hydrocarbons by groups and for 
separating deuterated unsaturates 
from their lighter isomers. This is 
contrary to conventional GLC where 
the stationary phase is a non-volatile 
solution. The technique is being ap- 
plied to the analysis of hydrocarbons 
present in water pollution. 

Stanley P. Wasik and Wing Tsang 
of the NBS Institute for Materials 
Research developed ' water-base GLC 
columns that are stable if the carrier 
gas is saturated with water vapor of 
the same partial pressure as_ the 
aqueous solution in the column. 
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The experimental apparatus in- 
cluded a helium gas source, a water- 
saturator, an analytical column, and 
a hydrogen flame detector. The water- 
saturator and the analytical column 
were immersed in a constant tem- 
perature bath. 

The principle behind the separa- 
tions is that certain metal ions such as 
Ag’ and Hg** react with unsaturated 
hydrocarbons to form thermody- 
namically stable complexes, but do 
not react with saturated hydrocarbons. 
Thus it is possible to make separations 
based on specific chemical interac- 
tions, as opposed to conventional 
GLC separation based on volatility. 
The time required for an injected 
solute to be eluted from the column 
depends upon the stability constant 
of the metal ion-unsaturated complex. 


By a proper choice of complexing 
metal ions it is possible to design 
columns that are specific for different 
hydrocarbon groups (olefin, alkanes, 
and aromatics). Because the separa- 
tion depends on chemical interaction 
there is a strong isotope effect. Thus 
these columns are very efficient for 
separating deuterated olefins and aro- 
matics from their higher isomers. 

Using this technique Drs. Wasik 
and Tsang were able to compute the 
stability constants for the reactions of 
unsaturates with Ag*. The unsaturates 
studied were ethylene, propylene, iso- 
butene, toluene, and benzene. 


1For further details, see Wasik, S. P., and 
Tsang, W., Gas chromatographic determination 
of partition coefficients of some unsaturated 
hydrocarbons and their deuterated isomers in 
aqueous silver nitrate solutions, J. Phys. Chem 
(in press). 
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Drs. Brauer, Huget, and Termini examine an EBA specimen that has been subjected to a compressive strength of 15 000 psi. 


NBS DEVELOPS NEW FORMULATIONS FOR 


EBA DENTAL CEMENTS 


Since. ‘THEIR INTRODUCTION THREE 
Years Aco, ethoxybenzoic acid ce- 
ments, commonly called EBA cements 
in the dental profession, have proved 
superior to conventional cements. Re- 
searchers at the Bureau, developers of 
the putty-like EBA cements, now have 
increased the usefulness of this ma- 
terial. Through new formulations, the 
cement may become the preferred 
material for long-lasting temporary 
fillings and for pulp capping proce- 
dures. In its present applications as 
a crown and bridge cement and as a 
base under fillings, the cement is used 
in at least ten commercial products, 
the sales of which are estimated to be 
$300 000 annually. 
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The EBA cements are an outgrowth 
of studies at the Bureau to improve 
the conventional, zinc oxide eugenol 
(ZOE) cements. This program on the 
EBA cements is conducted within the 
NBS Dental Research Section by Drs. 
Gerhard M. Brauer, Eugene Huget,* 
a guest worker at NBS, and Dominic 
Termini with the support of the 
Dental Division of the U.S. Army 
Medical Research and Development 
Command. 


Aluminum-Oxide-Reinforced 
Cements 
During their earlier studies of ZOE 


*Now with the U.S. Army Institute of Dental 
Research, Washington, D.C. 


cements, the NBS researchers found 
that an improved cement could be 
produced by reacting certain ring- 
forming compounds (chelating 
agents) with any of a number of 
metal oxides.’ Later they found that 
the reaction products of zinc oxide 
and various additives, such as alumi- 
num oxide and hydrogenated rosin, 
with EBA-eugenol liquid yielded a 
product with greatly enhanced phys- 
ical properties." This aluminum- 
oxide-reinforced EBA cement has 
compressive, shear, and _ tensile 
strengths three to four times that of 
commercial ZOE formulations and has 
a maximum compressive strength of 


15 000 psi. 
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The cement was prepared by par- 
tially replacing the eugenol of the 
zinc-oxide-eugenol formulation with 
EBA. A powder consisting of 64 per- 
cent ZnO, 30 percent Al,O;, and 6 
percent hydrogenated rosin was then 
mixed with this liquid in a powder-to- 
liquid ratio of 1.7 g per 0.2 cm’. Sig- 
nificantly, with this formulation the 
product has a low film thickness 
(around 20 to 30 um) and hardens in 
less than ten minutes, making it es- 
pecially suitable as a crown and 
bridge cement. 

On incorporating more powder into 
the mix, excellent insulating base ma- 
terials for use under metallic fillings 
were obtained. These products also 
have physical properties superior to 
those of the ZOE cements. Especially 
desirable is their high ten-minute 
compressive strength, which can 
easily withstand the pressures en- 
countered when an amalgam restora- 
tion is placed in a prepared cavity. 


Plastic-Reinforced Cements 


Prior to plastic-reinforced EBA 
cements, the brittleness of the zinc 
oxide-eugenol-EBA cements had se- 
verely limited their usefulness as a 
temporary filling material, particu- 
larly in treating multiple surface 
caries ir. areas subject to heavy bit- 
ing forces. 

A long-term temporary restorative 
with improved tensile strength and 
stress-bearing characteristics was 
needed for treating dental restorative 
problems requiring extended periods 
of treatment or whenever final treat- 
ment must be delayed. Such occasions 
arise in teeth in highly decay-prone 
mouths, particularly those of children, 
where immediate removal of all caries 
is required, The Armed Forces also 
have unique dental requirements, such 
as emergencies at remote sites or in 
combat zones that preclude the in- 
sertion of permanent restorations. 

Recent studies at NBS demon- 
strated that the tensile strengths of 
the conventional ZOE cements could 
be improved more than eight-fold by 
incorporating powdered acrylic poly- 
mers of relatively low-elastic moduli 
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A sectioned tooth shows an amalgam restoration packed over an aluminum-oxide-reinforced 
EBA cement with a pressure of 2000 psi. As can be seen, the insulating base 


withstood the packing pressure. 


into the cements.* A suitable compo- 
sition for the material is 58.2 percent 
ZnO, 27.3 percent Al.O;, 5.4 percent 
rosin, and 9.1 percent methyl methac- 
rylate copolymer in the powder, and 
62.5 percent EBA and 37.5 percent 
eugenol in the liquid; a powder-to- 
liquid ratio of 1.2 g per 0.2 cm* was 
used. 

In a nine-month clinical study of 
50 restorations, all restorations re- 
mained serviceable and only minimal 
signs of wear appeared. The new ma- 
terial was easily inserted in the pre- 
pared cavities and was well tolerated 
by the oral tissues. It is hoped that 
more extensive clinical studies on 
these materials will prove conclusively 
their great usefulness as semiper- 
manent restoratives. 

Another application of EBA ce- 
ments is based on recent studies at 
Walter Reed Army Medical Center.‘ 


Investigations of the EBA cements as 


an indirect pulp capping material 
demonstrated not only that tooth pulp 
responds favorably to the cements, but 
also that a layer of reparative dentin 
forms after treatment with the EBA 
formulation. This behavior, combined 
with its excellent sealing characteris- 
tics, should make EBA cements bene- 
ficial for use over pulps recently in- 
jured by deep and extensive operating 
procedures. 


1 For further details, see Brauer, G. M., White, 
E. E., and Moshonas, M. G., The reaction of metal 
oxides with o-ethoxybenzoic acid and other chelat- 
ing agents, J. Dent. Res. 37, No. 5, 547 (1958). 

* Brauer, G. M., McLaughlin, R., and Huget, 
E. F., Aluminum oxide as a reinforcing agent for 
zinc oxide-eugenol-o-ethoxybenzoic acid cements, 
J. Dent. Res. 47, 622 (1968). 

* Brauer, G. M., Huget, E. F., and Termini, D. 
J., Plastic modified EBA cements as temporary 
restorative materials, J. Dent. Res. (to be pub- 
lished). 

‘ Bhaskar, S. N., Cartwright, D. E., Beasley, 
J. D., and Boyers, R. C., Pulpal response to four 
restorative materials, Oral Surg., Oral Med., Oral 
Path. 28, No. 1, 126 (1969). 
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In a joint experiment, E. Andrusko (left) and W. E. Little (center), NBS, and R. Gray, 
USAF Rome Air Development Center, successfully measured the power output of a 

60 kW, cw, 7.97 GHz klystron amplifier using a power measurement technique 

employing directional coupler-bolometer mount combinations in a “mainline cascade 
system.” The measurement apparatus (center) consists of standard NBS microwave power 
calibration equipment built around X-band, WR 90, waveguide. 


HIGH-LEVEL MICROWAVE 
POWER MEASUREMENTS 


Microwave MEASUREMENT ENGI- 
NEERS from the NBS Institute for 
Basic Standards and the U.S. Air 
Force have successfully demonstrated 
the feasibility of a new measurement 
technique to determine high-level, 
continuous wave, microwave power 
with greater accuracy than is now 
possible with conventional high power 
measurement methods, In a joint ex- 
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periment, sponsored by the Advanced 
Research Projects Agency, with NBS 
furnishing the precision measurement 
apparatus and the Air Force furnish- 
ing the high-level power generation 
equipment, measurements of 60 kW, 
cw, microwave power were made with 
uncertainty of less than 4 percent, The 
measurements were made by W. FE. 


Little, K. E. Bramall, and E. An- 


drusko of the NBS Boulder labora- 
tories and R. Gray of the USAF Rome 
Air Development Center. 

In radars, microwave ovens, com- 
munications systems (particularly the 
space and satellite variety), and de- 
fense warning systems, the microwave 
frequency power levels are necessarily 
high. Since most power measurements 
at these high levels have errors of ap- 
proximately 10 percent, the equip- 
ment is commonly “overdesigned” 
and “overpowered” to ensure that 
the output power meets minimum per- 
formance requirements. This practice 
is frustrating to the designer and 
costly to the user of the equipment. 

The joint NBS-USAF experiment 
was conducted to determine if more 
accurate power measurements could 
be made and thereby permit the re- 
duction or elimination of overdesign 
and overpower. An NBS developed 
low power measurement technique 
was selected to measure the high 
power output of a klystron amplifier, 
the type commonly used in military ra- 
dars. The measurement apparatus 
consisted of a standard NBS micro- 
wave power calibration equipment 
built around X-band, WR 90, wave- 
guide, Some 3000 pounds of equip- 
ment were shipped from Boulder, 
and reassembled at the Air Develop- 
ment Center in Rome, N.Y., where it 
was connected to a 60 kW output, 7.97 
GHz klystron amplifier powered by 
a 230 kW power supply. 

Because of the high power levels 
and the heat generated, an extensive 
water-cooled heat exchange system 
was necessary to cool the electronic 
equipment. A 20 gpm flow rate cooled 
the measuring equipment while an 80 
gpm flow rate cooled the klystron 
amplifier, 

The NBS measurement technique 
chosen for this experiment is based 
upon a well developed low power 
measurement method using direc- 
tional coupler-bolometer mount com- 
binations in a “mainline cascade sys- 
tem,” with the coupler serving as a 
power divider and the bolometer 
mount serving as a power meter. A 
coupler-mount combination offers 
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several advantages as a means to 
make high power measurements: The 
directional coupler samples a small 
portion of the total power, the cali- 
bration is independent of source 
characteristics, the coupler provides 
a small equivalent generator reflection 
coefficient, and the coupler can be 
used as a feed-through rather than as 
a terminating-power meter. 


The mainline cascade system uses 
a number of directional coupler- 
bolometer mount combinations, each 
having successively larger coupling 
ratios (the ratio of line power to the 
sampled power), arranged in a cas- 
caded or series fashion. One cali- 
brated coupler-mount combination is 
used to calibrate another and is then 
removed from the system. This se- 





quence is repeated until the unit with 
the largest coupling ratio has been 
calibrated and all of the other units 
have been removed from the system. 
This last unit is then used as a feed- 
through high power meter. Cascading 
of the directional coupler-bolometer 
mount combinations prior to calibrat- 
ing the selected low power combina- 
tion minimizes the total uncertainty. 


WIDE RANGE POWER MEASUREMENT TECHNIQUE 


An AccurRATE TECHNIQUE for deter- 
mining the power delivered to a load 
has been developed at the Boulder 
(Colo.) laboratories of the Bureau by 
R. A. Lawton, C. M. Allred, and P. A. 
Hudson. The new technique may be 
used over a wide range of power and 
frequency to calibrate or measure the 
sensitivity of detectors, receivers, 
radiometers and other instruments. 
The method is more accurate than 
other known measurement procedures. 
At the test frequency of 30 MHz and 
at power levels down to 10-'* watt the 
uncertainty is reduced by a factor of 
2 to 6, It is expected to be applicable 
over the entire range of radio fre- 
quencies and for power up to where 
arcing or excessive heating occurs 
(>100 kW), a variation of 190 dB. 
In operation, a convenient power is 
first applied through a level set at- 
tenuator and directional coupler to a 
reference power meter. Signals pro- 
portional to the incident and reflected 
waves at the power meter are avail- 
able at the coupler side-arm ports, and 
the ratio of these side-arm signals is 
measured by means of a precision at- 
tenuator and null detector, switched 
between the side-arms. Finally, the in- 
strument to be calibrated is substi- 
tuted for the reference power meter, 
the power is adjusted to the calibra- 
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tion level using the level set attenua- 
tor, and the side-arm voltage ratio is 
again measured. The data obtained 
yield accurate values for the power 
actually delivered to the instrument 
under calibration. 

There are significant advantages of 
the new method over a simple attenua- 
tion of input power. Both incident 
power and reflected power are de- 
termined, the difference being the 
power absorbed by the load. The ref- 
erence power may be any arbitrary 
value chosen to make the reference 
power meter most accurate, while the 
power established in the load may be 
very much different, substantially ex- 
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ceeding the range of “normal” instru- 
ment capability. 

The uncertainty of the method at 
30 MHz is calculated to be between 
0.5 and 1.5 percent when using a 
power meter with an uncertainty of 
0.5 percent. The precision attenuator 
used was accurate to within 0.001 dB 
per 10 dB over its range, while the 
directional coupler was a commercial 
unit with a 10 dB coupling factor, 
modified to improve directivity and 
reduce sensitivity to spurious leakage 
signals. The null detector used phase 
detection referenced to the input to 
increase the sensitivity at very low 
power levels. 


TERMINATING 
LOAD 








REFERENCE 
POWER 
METER 






Wide-Range Power Measurement System. The detector is in position to measure the 
incident wave voltage. The terminating load and detector are interchanged for 
measuring the reflected wave. A; sets the power to the load, but need not be of high 


precision, since the measurement is made by A>. 
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ACOUSTIC CAVITATION 
RESEARCH AT NBS 


ACOUSTICAL CAVITATION, for many 
years a problem in hydraulics and a 
source of noise from a ship’s propel- 
ler, is now being used to study various 
properties of liquids. An interesting 
by-product of the research is possi- 
ble application of cavitation to nu- 
clear instrumentation. In recent work, 
by M. Greenspan and C. E. Tschiegg 
at the NBS Institute for Basic Stand- 
ards, neutron irradiation, «-disinte- 
grations, and fission have been used 
to induce cavitation in various liquids 
subjected to sound pressures.” * Their 
work has greatly added to the general 
knowledge of cavitation in such areas 
as influence of various nuclei, thresh- 
old values, the rate of cavitation as a 
function of sound pressures, and the 
design of cavitation cells. 

Cavitation can be induced in a non- 
degassed liquid contained in a cell at 
atmospheric pressure by increasing 
sound amplitude. The sound vibra- 
tions exert fluctuating positive and 
negative sound pressures on the 
liquid. When the negative sound pres- 
sure or tensile phase of the stress is 
sufficiently high, the liquid will rup- 
ture or cavitate. The cavitation origi- 
nates from gas or vapor bubbles 
stabilized on motes or on poorly 
wetted motes. 

NBS work has shown that motes can 
be removed, by circulating the liquid 
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through a filter, to the point that in- 
creased negative sound pressure will 
not rupture the liquid. Cavitation can 
be induced in these “clean” liquids, 
however, by exposing the liquid to 
ionizing radiation. Cavitation has 
been induced by radiation in water, 
isopropanol, freon 113, ethanol, 
methanol, and other liquids. In most 
cases (a,n) sources were used. 

The cell used in the cavitation ex- 
periments was usually a cylinder con- 
structed of piezoelectric ceramic. It is 
generally 7.5 cm OD and from 7.5 to 
10 cm in height. The cylinder serves 
as the container, as the driving trans- 
ducer, and as the pickup. 

A cavitation detector rectifies and 
differentiates the amplified output of 
the cell. A cavitation event drops the 
Q of the system and therefore the out- 
put amplitude. The resulting pulse 
can be made to trip a relay, which 
interrupts the voltage supply to the 
level set, stopping the oscillation. The 
rectified signal is amplified and ap- 
plied to a small loudspeaker so that 
the cavitation events can be heard. 

While the majority of the cells used 
in the NBS work were cylinders, coni- 
cal flasks have been found feasible in 
some cases. The conical cells are con- 
structed from Erlenmeyer flasks by 
replacing the necks with glass plugs. 
A ceramic transducer is cemented to 


the bottom of the cell and serves for 
both input and output. Advantages of 
these assemblies are their one-piece 
and inexpensive construction. 

The results of this work show that 
in clean liquids exposed to neutrons, 
the cavitation rate rises rapidly with 
acoustic (negative) pressure, and at 
a fixed pressure, is proportional to 
neutron flux. The cavitation events 
are random, and no appreciable in- 
duction or decay times are apparent. 
Each cavitation arises from the action 
of a single neutron (or a-recoil, or 
fission). The cavitation threshold 
(negative pressure below which cavi- 
tation is rare or nonexistent) is highly 
variable from liquid to liquid. Thresh- 
olds at about room temperature for 
liquids irradiated with 10 MeV neu- 
trons ranged from 1 to 2 bars for 
n-pentane, ether, and freon 113, to 
over 50 bars for water. 

In the case of neutron irradiation, 
cavitation apparently results from 
the kinetic energy acquired by an 
atomic nucleus of one of the heav- 
ier elements in the liquid as a result 
of an elastic collision with a neutron. 
In the case of a-disintegration and of 
fission, the sources are in solution in 
the test liquid, in which case heavy 
recoil nuclei are responsible. 

Cavitation research at this point is 
still preliminary. The work has shown, 
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Above: C. E. Tschiegg prepares a cell 

for an acoustical cavitation experiment. 
Right: Conical cell used in acoustical 
cavitation research is constructed from 
an Erlenmeyer flask by replacing the neck 
with a glass plug and cementing a 
transducer to its bottom. The hypodermic 
syringe controls the pressure on the 
liquid contained in the cell (tube 
connection not visible). 


however, that cavitation events can be 
consistently controlled and_repro- 
duced, The technique is expected to 
yield valuable data on liquids, in such 
areas as tensile strength as a function’ 
of temperature, and has possible ap- 
plications to nuclear measurements, 
especially neutron threshold detection. 


_* Greenspan, M., and Tschiegg, C. E., Radia- 
tion-induced acoustic cavitation; apparatus and 
some results, J. Res. Nat. Bur. Stand. (U.S.), 
71C (4), 299-312 (1967). 

* Greenspan, M., and Tschiegg, C. E., Cavitation 
— by B*(n,a)Liz, Nucl. Inst. Meth. (in 
press). 
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GROWTH OF SYNTHETIC FOOD/FEED 
INDUSTRY SURVEYED 


A relatively new and expanding in- 
dustry that stands out as one alterna- 
tive to massive starvation and malnu- 
trition is that of synthetic food and 
feed. Large scale production will de- 
pend not only on further research and 
engineering developments but also on 
effective planning for utilizing the 
potential of this young industry. Sta- 
tistics of annual production, sales, and 
value of synthetic foods now produced 
are needed to provide government and 
technical leadership with guidelines 
for projecting industry development. 
A statistical survey of the growth of 
this industry is being conducted by 
Mary Nan Steel of the NBS Institute 
for Materials Research.’ 

Two-thirds of the world’s popula- 
tion live in areas where the available 
natural foods fail to provide man’s 
daily requirement of calories and pro- 
teins. Although the major role of syn- 
thetic food at present is to supply the 
lacking essential nutrients in natural 
products, it could be that of providing 
a significant source of world food 
supply if necessary. Synthetic foods 
and feeds do not depend directly on 
the land but are produced by chemi- 
cal synthesis and by biochemical 
methods from industrial and agricul- 
tural waste products, liquid petroleum, 
and natural gas. As defined in this 
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survey. “food” is any item that enters 
the human diet. 

For the purposes of this statistical 
study, synthetic products were classi- 
fied into three categories based on 
volume of production and unit value. 
The first category includes small vol- 


Figure 1. U.S. Vitamin Production 
and Sales* 
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Source: U.S. Tariff Commission: Synthetic 
Organic Chemicals. 


*The data are those for medical chemicals in 

bulk; they do not include finished prepara- 
tions such as tablets and capsules manu- 
factured from bulk chemical. 


U.S. vitamin production and sales show a 
relatively steady and close trend upward. 
Manufacturers control the output to meet 
sales demands and thus prevent either over 
supply or under production. As export 
markets increase, production increases 
over sales as indicated. Fluctuation in 
dollar sales from year to year reflects the 
fact that the data include different 

items, in varying quantities, sold over 

a wide and changing range of prices. 


ume/high uAit value items such as 
vitamins and amino acids. These 
products range from vitamin B,»., of 
which 3000 pounds were produced in 
the United States in 1968, selling at 
$3071 per pound, to the amino acid 
methionine (and its hydroxy analog), 
of which 5098 tons were sold in the 
same year at $0.65 per pound. 
Production and sales statistics for 
vitamins are shown in figure 1, By 
1945 the vitamin market was well es- 
tablished; in that year 2945 000 
pounds of vitamins were produced, 
selling at $3.42 per pound for niacin 
to $457 per pound for vitamin B,. 
Each year the data include different 
vitamins, sold in varying amounts 
over a wide range of prices. This is 
reflected in the fluctuation of dollar 
sales from year to year. Often, newly 
synthesized items come onto the mar- 
ket at very high prices. Vitamin B,>. 
first introduced in 1952 at $91 787 
per pound, is an extreme example. 
Lowered prices over the years also 
reflect improved manufacturing proc- 
esses, In turn, lower prices bring 
greater demands and production in- 
creases as the manufacturer controls 
output to meet demand. Natural food 
supplies that depend on the caprices 
of nature do not have this advantage. 
In 1968 vitamin production was six 
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times that of 1945, and over the years 
36 different manufacturers have pro- 
duced one or more of these items. 
Amino acid production in the U.S. 
at the present time is around 80 times 
that of 1945. An interesting fact, from 
the point of view of expansion, is 
that 29 manufacturers have produced 
up to 56 different chemicals in this 
category over a 25-year period, The 
fact that such a large number of am- 
ino acids, salts, and derivatives have 
been made over the years in experi- 
mental quantities indicates a possibil- 
ity that quick expansion to large scale 
production could be effected if the 
need arises in the decades ahead. 


Figure 2. U.S. Amino Acid Production 
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Source: U.S. Tariff Commission: Synthetic 
Organic Chemicals. 


Production statistics of amino acid 

vary over the years; as many as 56 chemicals 
produced by 29 different manufacturers 
have been included. Methionine is the 
principal item in the production 

figure at present. 


Though the prices of some of the 
vitamins and amino acids seem ex- 
tremely high, the very small quanti- 
ties required in the diet add only a 
few cents to the cost of food products 
in which these items are used in forti- 
fication. 

Keeping in mind that the eating 
habits of man are slow to change and 
that synthetic food products intro- 
duced on the market must be pleasing 
in texture, consistency, odor, color, 
and taste, data were included on pro- 
duction of aesthetic constituents. 
Synthetic flavors and dyes, a part of 
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the first production category, have 
had an important place in the food 
market for a longer period of time 
than any of the other synthetic ma- 
terials being surveyed; in fact, ninety- 
nine percent of the dye industry is 
now synthetic. Total production in 
1967 was approximately 115 000 
pounds, with flavors selling at an av- 
erage of $0.97 per pound and dyes 
selling in a price range of $2.59 to 
$12.82 per pound, Production in 1967 
was over five times that in 1945. Since 
1950 monosodium glutamate has 
dominated the flavor market, of which 
it is one-third. During the decade pre- 
ceding 1965, prices of flavors and 
coloring materials on the whole fol- 
lowed a steady downward pattern, but 
in 1965 inflation began to effect an 
upward price trend. In spite of this 
fact, the firm place of these aesthetic 
constituents can be seen in the con- 
tinuing increase in production. 

At this time, single-cell proteins 
comprise the intermediate produc- 
tion/intermediate value category. The 
quantity and value of shipments are 
used as a measure of production in the 
U.S, In 1963, 50 million pounds were 
shipped, of which 35 percent was food 
yeast. Any changes in the quantities 
held in stock in plants producing the 
yeast would probably represent only 
a fraction of the annual production. 

Thirty-five countries have produc- 
tion facilities for yeast products, but 
the large scale production that is in 
prospect will involve the culture of 
single-cell organisms on petroleum. 
Specialists note that just 2 percent of 
the yearly output of crude petroleum 
would suffice to produce the yearly 
protein requirements of 2. billion 
people. 

At present, urea is the only com- 
modity in the third category, large 
volume/low unit price. The first 
natural substance to be made from 
nonliving material, urea is produced 
in the greatest amount and sells at the 
smallest price of all synthetic mate- 
rials. The demands for urea as a cattle 
feed and as an agricultural fertilizer 
continue such that the world capacity 
for urea production should reach 12- 


16 million metric tons in 1970 selling 
at $0.03-$0.04 per pound. 


Figure 3. Aesthetic Constituents— 
U.S. Production and Unit Price 
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Source: U.S. Tariff Commission: Synthetic 
Organic Chemicals. 


The aesthetic constituents illustrate 
the classical trend of production and 
unit price. At first the unit price is 
high, but with more efficient 
production processes and increased 
production a gradual lowering of 
price occurs. The effects of inflation 
appear around 1965. 


Statistical data for the synthetic in- 
dustry necessarily are interpreted and 
projected in light of several limiting 
factors. The newness of the industry 
has prevented the release of proprie- 
tary information. Many products have 
not been manufactured in sufficient 
quantities or for a sufficient length of 
time to show well defined trends. 
Yearly comparison of production is 
difficult because the categories—vita- 
mins, amino acids, etc.—change in 
composition from year to year. Pro- 
duction statistics for other countries 
are difficult to find and conclusions 
are based on U.S. import statistics. 
Despite these limitations, sufficient 
data have been collected to indicate 
this industry’s capabilities. 


™ Steel, M. N., Growth of Synthetic Food and 
Feed Production, presented at the 134th Meeting 
of the American Association for the Advance- 
ment of Science, December 28, 1969, Boston, 
Mass. 
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SIMPLE INTERFEROMETRIC METHOD 


TESTS OPTICS 


A Simp.e INTERFEROMETRIC METHOD 
for evaluating optics in the workshop 
has been developed at the NBS In- 
stitute for Basic Standards. The proce- 
dure,’ devised by J. B. Saunders of 
the Metrology Division, utilizes a 
wavefront shearing interferometer and 
requires only simple arithmetic to 
achieve accurate results. The method 
can be used by opticians in the work- 
shop to produce optics with specific 
characteristics and is quite practical 
for the final testing of optics for per- 
formance ratings. 

The shearing interferometer used 


in this procedure is basically a cube- 
shaped prism, consisting of two ce- 
mented components, and a light 
source. Shear is obtained in construc- 
tion of the prism by a small rotation 
of one component prism relative to 
the other.’ 

The light source may be a single 
filament miniature lamp, a single fila- 
ment galvanometer lamp with a filter, 
monochromators with slit apertures, 
spectral line sources behind slits, or 
lasers with spatial filters. 

It is recommended that at least 
three prisms, having approximately 3, 


Set-up of equipment for producing optics to a predetermined configuration. 
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6, and 12 milliradians of shear, be 
available for general testing of optics 
in an optical shop. The cost of making 
several prisms is much less than the 
construction of any currently known 
interferometer of variable shear. 

The prism interferometer can be 
used to visually inspect and evaluate 
optics. A perfect objective, which 
produces a spherical wavefront, will 
produce straight fringes in the inter- 
ferometer. If the lens is afflicted with 
aberrations, the wavefront will not be 
spherical and the fringes will not be 
straight. 

The fringe pattern can be photo- 
graphed for a more accurate analysis. 
In this analysis, the optician marks 
off or inserts a set of reference points 
on the photo along a diameter of the 
pattern parallel to the shear. The 
separation of the points must be equal 
to the lateral shear. This set of points 
is also the X axis of an X-Y coordi- 
nate system. By then measuring the 
distance of the points from the origin 
and plotting the orders of interference 
corresponding to the reference points, 
a graphic representation of the wave- 
front is obtained. By then plotting a 
straight line, and performing several 
arithmetic calculations, deviations of 
the wavefront of the specimen under 
test from a perfect sphere can be 
obtained. 

The procedure, when used to pro- 
duce predetermined optical configura- 
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Fringe pattern of a parabolic mirror obtained with a wavefront 
shearing interferometer, shows orders of interference and reference 
points. Such patterns can be analyzed in fourteen steps, 

none of which require more than simple arithmetic 

and plotting of graphs. 


tions, is based on the fact that if the 
specifications of a lens or mirror are 
known, its fringe pattern can be com- 
puted and drawn to any desired scale. 
The computed pattern can then be 
visually compared with the fringe pat- 
tern produced by the piece when tested 
with this interferometer. This allows 
the optician to make changes in a 
surface (by polishing) to produce 
fringes that agree with the previously 
computed fringe pattern, thus achiev- 
ing the desired configuration. 

The method has been used at NBS 
to evaluate optics and to produce mir- 
rors of a desired shape. Demonstra- 
tions have shown that an optician, 
with only limited experience with the 
system, soon was able to polish a mir- 
ror surface to produce fringes agree- 
ing with those previously computed 
for the mirror, thus arriving at a de- 
sired configuration. 


1For further details, see Saunders, J. B., A 
simple interferometric method for workshop test- 
ing of optics, Applied Optics (in press). 


Saunders, J. B., The wavefront-shearing 
interferometer, J. Res. Nat. Bur. Stand. (U.S.), 
68C (3), 135 (July-Sept. 1964). 


NBS PARTICIPATES IN RICE UNIVERSITY 
PRECEPTORSHIP PROGRAM 


James L. Haecker, Building Re- 
search Division, NBS Institute for 
Applied Technology, has been ap- 
pointed a Preceptor in the Rice Uni- 
versity School of Architecture Pre- 
ceptorship Program, Plan B. The 
Preceptee, Rick Gibson, began his 
Preceptorship at the NBS Building 
Research Division at the conclusion 
of the 1969-70 academic year. 

Under the terms of the Preceptor- 
ship Program, selected students work 
and study in the offices of outstand- 
ing architects who are appointed as 
Preceptors by the President of Rice 
University. There are two programs. 
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The Preceptorship B program is one 
year in duration, and is undertaken 
between the fourth and fifth years of 
study. Preceptorship A, open to stu- 
dents at the third-year level and 
above, is two weeks in duration. Both 
programs are designed to complement 
formal classroom studies in archi- 
tecture by giving the student an 
opportunity to experience the reali- 
ties of architectural practice. 

The two-pronged mission of the 
Building Research Division as an 
integral unit of the Bureau is to 
stimulate innovation and to aid in the 
application of systems methodology. 


The Division has major responsibility 
for developing adequate measurement 
techniques for the Nation’s building 
industry, and disseminating the re- 
sults of its research by publishing and 
consulting with both private and 
public organizations concerned with 
the promulgation of building stand- 
ards and codes. 

This particular Preceptorship, 
therefore, offers an unusual oppor- 
tunity for the Preceptee to acquaint 
himself with subjects of current 
importance in the field of building 
research. 
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Standard Reference Materials are 
well-characterized materials certified 
for chemical composition or for a 
particular physical or chemical prop- 
erty. These materials are disseminated 
by NBS to be used to calibrate 
and evaluate measuring instruments, 
methods, and systems or to produce 
scientific data that can be referred 
readily to a common base.* 


LEAD-BASE BEARING METAL 
STANDARDS 


Lead-base bearing metal Standard 
Reference Materials have been pre- 
pared in the form of a metal powder 
as SRM 53e, which is the fifth renewal 
for this alloy first certified by NBS in 
1921, and in disk form as SRM 1132, 
which is issued for the first time. 

This lead-base alloy and similar 
alloys have long been used as type 
metal. More recently they have been 
applied as bearing materials, particu- 
larly in the automotive industry and 
in diesel engines in which bearings 
are components of more than 10 mil- 
lion vehicles produced annually in the 
United States alone. Control of chemi- 
cal composition has become increas- 
ingly important and the content of 
major constituents such as antimony 
and tin and of minor elements such 
as arsenic, bismuth, copper, iron, and 
nickel have become the basis for 
acceptance or rejection. SRM 53e may 
be used in calibrating the methods 
and techniques of ASTM designations 
E 46, E 50, E 57, and E 87 for the 
analysis of lead-base alloys of similar 
chemical compositions. 

SRM 1132 was prepared from the 
same lot of lead-base alloy from which 
SRM 53e was selected. It is intended 
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STAN DARD 
REFERENCE 
ATERIALS 







to serve as a standard material for 
calibrating optical emission and x-ray 
spectrometric methods of analysis. 

The standards were prepared from 
a 1500 pound lot of lead-base alloy 
SAE 13, which was converted by 
atomization into a fine metal powder. 
About 1000 pounds of the powder 
were used for the preparation of SRM 
53e, and the remaining 500 pounds 
were converted into dense rods for 
use in SRM 1132. Both portions were 
tested extensively and found to be 
highly homogeneous. The chemical 
composition of SRM’s 53e and 1132 
is identical for all practical purposes. 

SRM 53e may be purchased in 150- 
gram units of metal powder sized be- 
tween 170 and 325 mesh sieves for 
$33 per unit; and SRM 1132, in the 
form of disks 114 inches (31.8 mm) 
in diameter and 34 inch (18.8 mm) 
thick, may be purchased for $50 per 
unit.” 

The material from which these 
standards were prepared was fur- 
nished by Alcan Metal Powders, Inc., 
Elizabeth, N.J., as alloy SAE 13, sized 
between 170 and 325 mesh sieves, and 
thoroughly blended. 

Cooperating with NBS in the analy- 
sis of the alloy were the St. Joseph 
Lead Company, Zinc Smelting Divi- 
sion, Monaca, Pa., and the American 
Smelting and Refining Company, 
South Plainfield, N.J. 


GOLD COATING THICKNESS 
STANDARDS 
(Weight Per Unit Area) 


Two new series of Standard Ref- 
erence Materials of gold coatings— 
on clad epoxy and on copper—are 
now available through the NBS Office 
of Standard Reference Materials. 

The first series of gold on 1 oz/ft? 





copper-clad glass epoxy, designated 
SRM’s 2301, 2302, 2303, and 2304, 
may be purchased from stock sepa- 
rately or in the combinations below. 
The laminate is 33 to 38 um (1.3 to 1.4 
mil) of copper on glass epoxy sheet 
and is equivalent to ASTM Grade 10. 








Nominal Nominal 
SRM No. Coating Weight Thickness Price? 
(mg/cm 2) (microinch) 

2301 1.5 30 $48 
2302 3.0 60 48 
2303 6.0 120 48 
2304 14.0 280 48 
2305 one each of 2301 and 2302 73 
2306 one each of 2302 and 2303 73 
2307 one each of 2303 and 2304 73 
2308 one each of 2301, 2302, 

2303, and 2304 123 





The second series of gold on cop- 
per coating standards, designated 
SRM’s 2311, 2312, 2313, and 2314, 
may be purchased from stock sepa- 
rately or in the combinations below. 





Nominal Nominal 
SRM No. Coating Weight Thickness Price? 
(mg/cm?) (microinch) 

2311 1.5 30 $48 
2312 3.0 60 48 
2313 6.0 120 48 
2314 14.0 280 48 
2315 one each of 2311 and 2312 73 
2316 one each of 2312 and 2313 73 
2317 one each of 2313 and 2314 73 
2318 one each of 2311, 2312, 

2313,and 2314 123 





STANDARD FOR LINEAR THERMAL 
EXPANSION—COPPER 


Copper as a thermal expansion 
Standard Reference Material has been 
made available through the NBS 
Office of Standard Reference Mate- 
rials as SRM 736. This is the first of 
a series of materials that will be certi- 
fied for thermal expansion. The com- 
plete series will cover the temperature 
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range from 20 to 1900 K and will have 
coefficients of thermal expansion in 
the range of 0.5 to 25X10°/K. It 
should be of particular interest to 
laboratories making measurements 
using relative methods of expansion 
measurements such as_ push-rod 
dilatometers. 

Laboratories that measure thermal 
expansion have a definite need for re- 
liable and accurate standards. Experi- 
ence has shown that variations of the 
order of a few hundred parts per mil- 
lion in AL/L are not uncommon 
among laboratories using push-rod 
dilatometers. The thermal expansion 
of the 99.99 percent pure copper, 
SRM 736, has been accurately deter- 
mined over the temperature range 
20-800 K. 

SRM 736 was developed for use in 
testing and calibrating thermal ex- 
pansion apparatus and_ techniques. 
Homogeneity of this material has been 
established by extensive testing at 
NBS so that it is suitable for inter- 
laboratory comparisons. 

SRM 736 is available as 14-inch 
(6.4 mm) rods, in 2-, 4-, and 6-inch 
(51, 102, and 152 mm) lengths desig- 
nated as L1, L2, and L3 respectively. 
Inquiries for longer length continu- 
ous rods may be directed to the Office 
of Standard Reference Materials. The 
prices of SRM 736 are: L1-$71, L2- 
$119, and L3-$167.? 


GLASS VISCOSITY STANDARD 


A new glass viscosity standard, 
SRM 717, a homogeneous borosilicate 
glass in the form of a block approxi- 
mately 4.2 by 4.2 by 12.5 cm, has 
been prepared and is now available 
from the NBS Office of Standard 
Reference Materials. 

The new standard, together with 
SRM 710, a soda-lime glass,* and SRM 
711, a lead-silica glass,*"* completes a 
series of types of glasses that are most 
widely used in industry. The glass 
from which SRM 717 was prepared 
has a nominal chemical composition 
of: 


Si0.—70 percent 
B.O,-17 percent 
K,0-8 percent 


Na,O-1 percent 
Al,O;-3 percent 
Li,O-1 percent 
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SRM 717 is not intended as a stand- 
ard for chemical analysis and the 
above composition is offered only for 
information purposes. 

The new standard reference ma- 
terial not only offers another viscosity 
standard for calibrating instruments 
used to measure properties of glass at 
elevated temperatures, but also a type 
of glass used in the electrical industry 
as a sealing glass. This glass has the 
desired electrical and dilation proper- 
ties and fairly good chemical dura- 
bility to perform as a sealing glass. It 
is suitable for “kovar” seals having a 
linear coefficient of thermal expansion 
of about 51.5 X 10-7/°C, 

Viscosity measurements were made 
by Institute staff members, A. Napoli- 
tano and E. G. Hawkins, on this glass 
between the temperatures 470 and 
1460 °C or from log;, 15.0 down to 
logo 2.0. These data, together with 
data submitted by four cooperating 
research laboratories—Corning Glass 
Works, Corning, N.Y.; Emhart Manu- 
facturing Company, Hartford, Conn.; 
Owens-Illinois, Toledo, Ohio; and 
Thatcher Glass Manufacturing Com- 
pany, Inc., Elmira, N.Y.—were tabu- 
lated in a certificate of viscosity 
values. Measurements were made by 
the rotating cylinder, fiber elongation, 
beam-bending, and _parallel-plate 
methods, 

The softening, annealing, and 
strain points of the new standard glass 
have also been determined by each 
laboratory and are reported on the 
certificate. These measurements were 
made according to ASTM Test Desig- 
nation C 338-57 (reapproved 1968) 
for softening point of glass and C 
336-69 for annealing point and strain 
point of glass. 

The price of SRM No. 717, a block 
weighing about 500 grams, is $71. A 
certificate of viscosity values is sup- 
plied with each unit. 

LOW CARBON STAINLESS STEEL 

(CARBON ONLY) 

SRM 166c, low-carbon stainless 
steel, replaces SRM 166b, This ma- 
terial is an AISI Type 316L steel cer- 
tified for carbon content only. It was 


prepared in powder form by the Hoe- 
ganaes Corporation, Riverton, N.J., 
and sized between 25 and 200 mesh 
sieves and has a certified carbon con- 
tent of 0.0078 per cent. 

Analyses leading to the certifica- 
tion were made in cooperation with 
the Bureau by Interlake Steel Corpo- 
ration; Armco Steel Corporation; 
United States Steel Corporation; Lab- 
oratory Equipment Corporation; and 
Westinghouse Electric Corporation. 

SRM 166c may be purchased in 
units of 100 grams for $25 per unit.” 


HIGH SILICON STEELS 


SRM 125b, high-silicon steel, re- 
places SRM 125a. The material for 
preparation of SRM 125b was sup- 
plied by the Armco Steel Corporation, 
Middletown, Ohio. SRM 1134, with 
the same chemical composition as 
SRM 125a, is available as disks 114 
inches in diameter and 3/, inch thick. 
SRM 1134 is primarily for use in 
optical emission and x-ray spectro- 
metric methods of analysis. Analysis 
leading to the certification were made 
in cooperation with NBS by United 
States Steel Corporation and Armco 
Steel Corporation. 

SRM 125b is supplied in units of 
150 grams for $33 per unit.2 SRM 
1134 costs $50 per unit.? Certificates 
of Analysis are supplied with each 
standard. 


1For a complete list of Standard Reference 
Materials available from NBS, see Standard 
Reference Materials: Catalog and Price List of 
Standard Materials Issued by the National Bureau 
of Standards, NBS Spec. Publ. 260 (July 1969 
ed.) for sale by the Superintendent of Documents, 
U.S. Government Printing Office, Washington, 
D.C. 20402, for 50 cents; order by SD Catalog 
No. C13.10:260. Insert sheets that update Spec. 
Publ. 260 are supplied to users on request. 

2 These standards may be purchased for the 
price indicated from the Office of Standard 
Reference Materials, Rm. B308, Chemistry Bldg., 
National Bureau of Standards, Washington, D.C. 
20234. 

* Viscosity Standard Sample of Glass, Nat. 
Bur. Stand. (U.S.), Tech. News Bull. 46 (11), 174 
(Nov. 1962), and Viscosity of Standard Soda- 
Lime-Silica Glass, J. Res. Nat. Bur. Stand. 
(U.S.), 68A (Phys. and Chem.), No. 5, 439 
(Sept.-Oct. 1964). 

*New Glass Viscosity Standard, Nat. Bur. 
Stand. (U.S.), Tech. News. Bull. 49 (3), 43 (Mar. 
1965). 

5 Viscosity of Standard Lead-Silica Glass, Nat. 
Bur. Stand. (U.S.), Misc. Publ. 260-11 (Nov. 
1966, 25 cents). Order by SD Catalog No. C13. 
10:260-11, from the Superintendent of Docu- 
ments, U.S. Government Printing Office, Washing- 
ton, D.C. 20402. 
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POLICY PLANNING SYMPOSIUM 
HOSTED 


The Bureau hosted, on March 9- 
10, 1970, a Symposium on Assessing 
the Future and Policy Planning at 
which over 200 analysts and decision- 
makers gathered to discuss various 
aspects of this theme. The attendees 
came from industrial, consulting, and 
research firms, as well as from many 
Government agencies; most were from 
the Washington area (including 
several from foreign embassies), but 
many came from other parts of the 
United States and Canada. 

The Symposium opened with a key- 
note address by Raymond Bauer, 
Director of the National Goals Re- 
search Staff. The sessions following 
centered around four main topics: 
(1) techniques for assessing the 
technological, economic, and social 
aspects of the future, (2) alternative 
future environments and their impli- 
cations for planning, (3) problems in 
integrating the future into policy 
planning, and (4) specific implemen- 
tation experience. The banquet ad- 
dress was given by Congressman 
Charles A. Mosher, of the Subcom- 
mittee on Science, Research, and 
Development. 

Two contemporary themes recurred 
throughout the sessions. The first con- 
cerned the need of establishing na- 
tional goals and priorities and the 
second identified the quality of our 
environment and its contributing 
determinants as an essential consid- 
eration in all policy decisions. 

The Symposium was organized by 
the Washington Chapter of The Insti- 
tute of Management Sciences (TIMS) 
and cosponsored by the National Bu- 


reau of Standards and the World Fu- 


ture Society. Proceedings of the 
Symposium will be published in book 
form, to be available within a few 
months. For additional information 


156 


contact: Dr. Bernard Levin, Room 
B109 Technology Building, National 
Bureau of Standards, Washington, 
D.C. 20234. 


NBS TECHNICAL HIGHLIGHTS 
The status of the U.S. Metric Study 


and a variety of consumer problems 
are among leading topics in NBS 
Technical Highlights: 1969, Special 
Publication 325? ($1.25; SD Catalog 
No. €13.10:325). This latest annual 
report of the Bureau covers its activi- 
ties from July 1, 1968, to June 30, 
1969. The metric study—a congres- 
sionally mandated inquiry by NBS 
into the impact of increasing world- 
wide usage of the metric system on the 
United States—is now passing the 
half-way mark and was well under 
way during the period reviewed in the 
Highlights; the book’s introductory 
chapter summarizes the study’s prog- 
ress, reviews staff and organizational 
changes at NBS, and notes develop- 
ments related to automotive safety 
and to broader protection from flam- 
mable fabrics. This is followed by a 
feature on the rapidly expanding pro- 
gram of the Bureau’s Center for Com- 
puter Sciences and Technology. 

Among the significant scientific 
and technical advances briefly noted 
in the main body of the report are: 

@ Construction of two highly sta- 
bilized helium-neon lasers with fre- 
quencies in agreement to one part in 
a hundred billion, offering a basis for 
a possible 300-fold more accurate 
definition of the meter. 

@ Improved calibration of labora- 
tory standard microphones at fre- 
quencies down to about 1 Hz, a valu- 
able service for purposes of measuring 
low-frequency noises, including sonic 
boom. 

@ Technical consultation with in- 
dustry in developing improved radio 
frequency pulse power meters, de- 
signed to improve accuracy and reli- 


ability of airborne systems vital to 
military and civilian flight safety. 

@ Development of super-purity 
aluminum with residual resistance 
ratios up to 45 000, expected to have 
use in magnets and other commercial 
applications and to be valuable in 
physical and mechanical property 
measurements. 

@ Design and construction of a 
computerized scanning microscope 
image-processing system being used 
by biologists to help analyze central- 
nervous-system tissue and white blood 
cells. 

@ Calibration of the cameras used 
by Apollo IX to photograph the moon. 

@ Experimental work on a new 
measuring device for checking stray 
radiation from microwave ovens. 

@ Studies of the magnetic behavior 
of organometallic complexes impor- 
tant in biological processes involving 
enzymes and proteins with trace metal 
ions. 

@ Improved polarographic meth- 
ods for simultaneously analyzing low- 
level air pollutants including iron, 
copper, cadmium, and lead. 

@ Demonstration of the unique 
molecular structure of polywater in a 
collaborative study with the Univer- 
sity of Maryland. 

@ Development of a torsion pendu- 
lum system for determining elastic 
properties and internal friction of 
dental materials. 

@ Research on tires, seat belts, 
braking systems, vehicle structure and 
other aspects of automotive safety. 

A series of appendixes summarizes 
the organization and finances of NBS 
and lists winners of awards and 
honors, principal staff members, re- 
search associates and guest workers, 
and members of the visiting commit- 
tees and of the various technical ad- 
visory panels. It also lists the year’s 
publications and patents by NBS staff 
members. 
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DURABILITY OF INSULATING GLASS 


The proceedings of a seminar on 
the Durability of Insulating Glass 
have been edited by Henry E. Robin- 
son for publication as NBS Build- 
ing Science Series 20* (75 cents; 
SD Catalog No. C13.29/2:20). The 
definite advantages of factory-sealed 
double-glass insulating units have led 
to their increasing use in both Govern- 
ment and privately owned buildings. 
A problem has arisen, however, in the 
form of seal failure in some of the 
units, causing moisture penetration of 
the air space and ultimate fogging and 
loss of clear vision through the unit. 
Concern about this problem among 
users, fabricators, and specifiers of in- 
sulating units brought about the sem- 
inar for the purpose of exchanging 
information and ideas on improving 
the reliability of seals. The meeting 
was sponsored jointly by the National 
Bureau of Standards, the American 
Society for Testing and Materials 
(Committee E-6), the Building Re- 
search Institute, and the Construction 
Specifications Institute. 


THREE YEAR INSPECTION OF 
PORCELAIN ENAMELED ALUMINUM 


Studies begun in 1956 indicated 
that accelerated tests giving good re- 
sults for porcelain enamels on steel 
were not reliable indicators of the 
weatherability of the new, lower-firing 
enamels applied to aluminum. Conse- 
quently another study was initiated 
by the Porcelain Enamel Institute and 
the National Bureau of Standards to 


investigate these findings further by 
more comprehensive exposure tests to 
develop improved accelerated tests. 
The first results of this study are de- 
scribed in the publication, 1964 Ex- 
posure Test of Porcelain Enamels on 
Aluminum: Three Year Inspection, 
by Margaret A. Baker, NBS Building 
Science Series 29' (25 cents; SD 
Catalog No. C13.29/2:29). 

Included in the test were 16 
enamel systems in one and two coats, 
nine colors, and three gloss ranges, 
which were exposed at sites in Los 
Angeles; Washington; New York; 
Kure Beach, N.C.; and Montreal. 
After 6 months, 1 year, and 3 years, 
specimens were returned to NBS and 
measured for changes in gloss and 
color. Results of all three inspections 
are reported. The boiling citric acid 
test, used as an acceptance test for 
these enamels, did not correlate as 
well as expected with color change. 
A cupric chloride test was developed 
that showed an improvement in this 
correlation. 


SCHEDULED NBS-SPONSORED 
CONFERENCES 


Each year NBS sponsors a number of 
conferences covering a broad range of topics 
in science and technology. The conferences 
listed below are either sponsored or co- 
sponsored by NBS and will be held at the 
Bureau’s Gaithersburg, Md., facility unless 
otherwise indicated. These conferences are 
open to all interested persons unless spe- 
cifically noted. Inquiries should be sent to 
the person indicated below in care of Spe- 
cial Activities Section, Room A600, Ad- 
ministration Building, National Bureau of 


Standards, Washington, D.C. 20234. 


55th National Conference on Weights 
and Measures. July 12-17. Contact: H. 
F. Wollin (NBS Office of Weights and 
Measures). To be held at the Hotel Utah, 
Salt Lake City, Utah. 


International Conference on Precision 
Measurements and Fundamental Con- 
stants. Aug. 3-7. Cosponsors: IUPAC; 
CODATA; NAS-NRC; International Bu- 
reau of Weights and Measures. Contact: E. 
Ambler (NBS Institute for Basic Stand- 
ards). 


Space Simulation Conference, Sept. 14— 
16. Cosponsors: American Institute of Aero- 
nautics and Astronautics; Institute of En- 
vironmental Sciences; American Society for 
Testing and Materials. Contact: J. C. Rich- 
mond (NBS Heat Division). 


National Conferences on Metrication. 
Sept. 21-25, Oct. 12-16, and Nov. 16-20. 
Contact: J. Odom (NBS Office of Invention 
and Innovation). To be held at Department 
of Commerce Auditorium, Washington, D.C. 


25th Calorimetry Conference. Oct. 19- 
22. Contact: E. Domalski (NBS Physical 
Chemistry Division). 


4th Materials Research Symposium. 
Oct. 26-30. Contact: L. A. Wall (NBS Poly- 


mers Division) . 


The Science of Ceramic Machining and 
Surface Finishing. Nov. 2-4. Cospon- 
sors: Office of Naval Research; American 
Ceramic Society. Contact: S. J. Schneider 
(NBS Inorganic Materials Division). 


Symposium on the Application of Com- 
puters to Environmental Engineering 
Design. Nov. 30-Dec. 2. Cosponsor: 
American Society of Heating, Refrigerating 
and Air Conditioning Engineers. Contact: 
R. Achenbach (NBS Building Research 
Division). 

1 Order by SD Catalog Number from the Super- 
intendent of Documents, U.S. Government Print- 


ing Office, Washington, D.C. 20402, for the price 
indicated. 


COOPERATIVE PROGRAM ENGAGES NBS REACTOR 


The Bureau and the Picatinny 
Arsenal have announced a cooperative 
effort to determine material proper- 
ties using the facilities at the NBS 
reactor (NBSR). Neutron diffraction 
and time-of-flight facilities, estab- 
lished at the reactor, will enable the 
researchers to study both elastic and 
inelastic scattering of neutrons from 
solids and liquids. These scattering 
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techniques will provide data on 
atomic and molecular _ structures, 
molecular binding forces and energy 
levels, and phase transitions within a 
solid. 

Under the agreement, Drs. Henry 
Prask, Sam Trevino and C. S. Choi 
of the Structure and Lattice Dynamics 
Section of Picatinny’s Feltman Re- 
search Laboratory will transfer their 


program and equipment from the 
Watertown Arsenal near Cambridge, 
Mass. to the NBSR. The NBS partici- 
pants in the cooperative program are 
Drs. J. J. Rush and R. S. Carter of 
the NBS Reactor Radiation Division. 
This permanent staff will be aug- 
mented by several positions filled on 
a temporary or rotating basis. 
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In the fall of 1965 the Secretary of 
Commerce established the NBS Cen- 
ter for Computer Sciences and Tech- 
nology to carry out the Secretary’s 
responsibilities under the Brooks Bill 
(Public Law 89-306, passed October 
30, 1965). The Center provides lead- 
ership and coordination for govern- 
ment efforts in the development of 
voluntary commercial information 
processing standards, develops rec- 
ommendations for Federal scientific 
and technical support and consulta- 
tive assistance in the field of compu- 
ters and information processing to 
Federal agencies. These Notes will 
cover information-processing stand- 
ards activities in the Federal Govern- 
ment, particularly those of the Center. 


STANDARD CODES FOR COUNTRIES, 
DEPENDENCIES AND AREAS OF 
SPECIAL SOVEREIGNTY 


The Bureau of the Budget has 
approved—as a Federal Information 
Processing Standard (FIPS)—stand- 
ard codes for countries, dependencies 
and areas of special sovereignty. 
These codes have been published by 
NBS as a Federal General Data 
Standard, Representations and Codes, 
in Federal Information Processing 
Standards Publication 10‘ (FIPS 
PUB 10, 30 cents; SD Catalog No. 
C13.52:10). 

The standard provides a list of 
basic geographical-political entities 
and an associated standard code. The 
entities include: independent states, 
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dependent areas, areas of quasi- 
independence, non-contiguous terri- 
tories, possessions without population, 
areas with special sovereignty associ- 


ations, areas without sovereignty, 
political regimes not recognized by 
the United States, and outlying areas 
of the United States. The standard 
code (two alphabetic characters) is 
for use in the interchange of for- 
matted machine-sensible data among 
Federal agencies and between these 
agencies and the public, including 
industry and Staie and local govern- 
ments. The standard is to be imple- 
mented on or before January 1, 1971, 
by Federal departments and agencies. 

The standard was developed by a 
Federal Task Group under the Chair- 
manship of Bruce H. Allen, Depart- 
ment of State, and was coordinated 
with Federal agencies in February 
1970. In the qualifications section, 
recognition is given to the fact that 
many different sets of geographical 
entities and codes are now used in the 
Federal Government and that the 
standard is not intended to be a uni- 
versal replacement of all of these 
current practices. Where interchange 
arrangements exist between systems 
or between agencies, the standard 
need not be used if its use causes 
serious disruption. Also, the standard 
codes are qualified as “interim” pend- 
ing the development of standards by 
the American National Standards In- 
stitute (ANSI) and the International 
Organization for Standardization 
(ISO). The use of the standard codes 
in the interim is advised to facilitate 


information interchange for an un- 
known period of time, and to allow 
an orderly conversion to a new code 
scheme, if necessary. 

The names of the countries, de- 
pendencies, and areas of special 
sovereignty along with their standard 
codes are available also in Hollerith 
punched cards from the NBS Clear- 
inghouse for Federal Scientific and 
Technical Information ($3; PB 190 
720) .? 


STANDARD CODES FOR STATES AND 
COUNTIES OF THE STATES OF THE 
UNITED STATES REVISED 


Changes to two Federal General 
Data Standards have been approved 
by the Bureau of the Budget. These 
changes affect FIPS 5, States of the 
United States, and FIPS 6, Counties 
of the States of the United States. 

Two-character alphabetic abbrevia- 
tions have been added for the States 
as an alternative standard representa- 
tion. Abbreviations are preferred 
when human considerations and input 
reliability are important. The numeric 
code may be used in those applica- 
tions where machine and numeric 
sorting considerations are more im- 
portant. The outlying areas of the 
United States, in addition to their 
current two-character numeric codes, 
have been assigned two-character 
alphabetic codes from the county code 
standard (FIPS 10). This was neces- 
sitated since some applications treat 
outlying areas of the U.S. more like 
countries than “first order subdivi- 
sions of the U.S.” The revised pub- 
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lication, entitled States and Outlying 
Areas of the United States, has been 
redesignated as FIPS PUB 5-1! 
(20 cents; SD Catalog No. C13. 
92:5-1). 

The current county code standard 
(FIPS 6) has been revised and pub- 
lished as FIPS PUB 6-1, Counties 
and County Equivalents of the States 
of the United States‘ (45 cents; 
SD Catalog No. C€13.52:6-1). The 
major change is in the State of Alaska 
where both divisions and 
boroughs are considered to be county 
equivalents. New codes are assigned 
for these Alaskan equivalents. An out- 
line map and a list of Alaskan places 
together with standard codes are pro- 
vided to assist in the implementation 
of the standard. Other changes have 
been made in the States of Hawaii, 
Nevada, New Hampshire, and Vir- 
ginia. 

The names of the States and out- 
lying areas along with their standard 
abbreviations and codes are available 
in Hollerith punched cards from the 
NBS Clearinghouse for Scientific and 
Technical Information * ($3; PB 190 
710). 

County names and codes and re- 
lated State abbreviations and codes 
are available on punched cards from 
the Clearinghouse * ($32: PB 190 
605). These codes are also available 
on magnetic tapes, and are provided 
in six different recording forms: 7 
track, BCD coded, odd or even parity, 
and 556 and 800 characters per inch; 
9 track, ASCII (FIPS 1) or EBCDIC 
codes recorded at 800 characters per 
inch. When ordering specify the tape 
characteristics needed * ($25; PB 190 
604). 
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THE HIGH COST OF COMPUTER 
STANDARDS 


At the 5lst annual meeting of the 
American National Standards In- 
stitute, C. W. Fritze, Director of Cor- 
porate Planning, Control Data 
Corporation, reported that the costs 
for developing U.S. computer indus- 
try voluntary standards are estimated 
in a BEMA study to be running at 
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a rate of more than $6 million a year. 
Of this cost, more than half is con- 
tributed by manufacturers. The bal- 
ance comes from government users, 
and general interest support. 

Most of the cost is attributable to 
providing representatives to attend 
standards meetings and associated 
salaries and travel expenses. The $6 
million spent on standards represents 
about 0.1 percent of the value of com- 
puter equipment produced in the 
U.S. each year, Mr. Fritze pointed 
out that his company alone spent on 
the order of $200 000 per year on 
standards. This figure includes three 
full-time professional standards ex- 
perts and 27 other people on 30 dif- 
ferent standards committees, which 
meet six to eight times a year. 

He also stated that the risk of non- 
conformity was high and the cost of 
product design or redesign to meet 
standards already established was 
very high. He stressed that top man- 
agement must recognize the costs and 
risks of standardization and attempt 
to minimize these by early participa- 
tion and good standards planning. 

NBS currently is attempting to 
identify all government participants 
who are contributing to the develop- 
ment of standards for computers and 
information processing. Early esti- 
mates place this figure at close to 250 
individuals. NBS alone has 14 pro- 
fessional full-time standards experts 
in the Office of Information Process- 
ing Standards and 6 others from 
different NBS organizations partici- 
pating in ADP standards work at an 
annual cost of nearly $850 000. 


BEMA NAMES ASSISTANT DIRECTOR 
OF STANDARDS 


Robert M. Brown has been ap- 
pointed Assistant Director of Stand- 
ards, Business Equipment Manufac- 
turers Association (BEMA). He will 
assist the Director, Vico E, Henriques, 
in providing administrative support 
and direction to American National 
Standards Institute Committees X3, 
Computers and Information Process- 
ing, and X4, Office Machines, for 


which BEMA holds the Secretariats. 
Mr. Brown joined the BEMA staff 
upon his retirement from government 
service in April 1970, Previously, he 
was the ADP standards coordinator 
for the Department of Defense in the 
Air Force Directorate of Data Au- 
tomation. He has been active in X3 
standards activities through his par- 
ticipation on Subcommittee X3.2, 
Codes and Input-Output, and the 
Standards Planning and Require- 


meets Committee (SPARC). 


CURRENT X3 COMMITTEE ACTIVITIES 

At its April 1970 meeting, held at 
NBS, X3 accepted three draft stand- 
ards for publication and letter ballot. 
These were: 1600 cpi (characters per 
inch) Recorded Phase Encoded Mag- 
netic Tape; Unrecorded Magnetic 
Tape—9 track, 1% inch; and Iden- 
tification of Individuals for Informa- 
tion Interchange.® 

The initiation of standards de- 
velopment work on a draft ANS and 
ISO standard for the composite pro- 
gramming language PL/1 was ap- 
proved. Also, the relationships be- 
tween CODASYL (Conference on 
Data System Languages) and X3.4.4 
(the COBOL Standards Committee) 
were defined. 

A revised scope and program of 
work was approved for Task Group 
X3.6.6, Standards for Network Ori- 
ented Information Systems such as 
PERT (Program Evaluation and Re- 
view Technique) and CPM (Critical 
Path Method). Also approved was a 
scope and program of work for 
X3.4.3, FORTRAN Programming 
Language, where work is to continue 
on clarifications to FORTRAN to be 
included in a revised draft standard. 

X3 also approved the U.S, delega- 
tion to the plenary meeting of ISO 
Technical Committee 97, Computers 
and Information Processing. T. H. 
Bonn, Director of Standards, Honey- 
well, was named Chief U.S. Delegate. 
Government individuals named to the 
delegation were: H. R. J. Grosch, 
NBS: Harry S. White, Jr.. NBS; and 
Helmut Thiess, Naval Command Sys- 
tems Support Activity. 
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NEW NUMBERS ASSIGNED TO 
X3 TECHNICAL COMMITTEES 


As a result of the recent X3 reorga- 
nization,‘ the Standards Steering 
Committee (SSC), has renumbered 
the technical committees. The new 
numbering system provides for the 
unique identification of each techni- 
cal committee within various groups 
and sections. The number is struc- 
tured in the following manner: 

@ The first and second characters 
are always X3. 

@ The third character specifies the 
group and section using the following 
scheme: 

Hardware Group—Letters A 

through I 
Recognition Section—Letter A 
Physical Media Section— 


Software Group—Letters J through 
R 
Language Section—Letter J 
Documentation Section—Letter 
K 
Data Representation Section— 
Letter L 
Systems Group—Letters S through 
Z 


Data Communications Section— 
Letter S 
System Technology 
Letter T 
@ The subsequent characters, with 
separators (periods), are used to 
identify each technical committee 
within a section. In the renumbering 
by SSC, current numbers were re- 
tained to the extent possible (i.e. 
X3.8 became X3L8 and X3.8.1 be- 


Section— 














Letter B came X3L8.1). 
Table 1 
HARDWARE SOFTWARE SYSTEMS 
New Old New Old New Old 

X3Al X3.1 X3J3 X3.4.3 X3S3 X3.3 
X3Al1.1 X3.1.1 X3J4 X3.4.4 X3$3.3 X3.3.3 
X3A1.1A X3.1.1A X3J4.1 X3.4.4.1 X3$3.4 X3.3.4 
X3A1.2 X3.1.2 X3J4.2 X3.4.4.2 X3$3.5 X3.3.5 
X3A1.3 X3.1.3 X3J4.3 X3.4.4.3 X3S3.6 X3.3.6 
X3A7 X3.7 X3J4.4 X3.4.4.4 

X3J57 X3.4.7 X3T9 X3.9 
X3B1 X3.2.1 X3J8 X3.4.8 
X3B2 X3.2.2B 
X3B3 X3.2.3A X3K1 X3.6.8.1 
X3B4 X3.2.2A X3K2 X3.6.5 
X3B7 X3.2.7 X3K3 X3.6.3 
X3B7A X3.2.7A 
X3B7B X3.2.7B X3K5 X3.5 
X3B7C X3.2.7C X3K5.1 X3.5.1 

X3K5.2 X3.5.2 

X3K5.3 X3.5.3 

X3K6 X3.6.6 

X3L1 X3.2F 

X3L2 X3.2 

X3L5 X3.2.5 

X3L8 X3.8 

X3L8.1 X3.8.1 

X3L8.2 X3.8.2 

X3L8.3 X3.8.3 

X3L8.4 X3.8.4 

X3L8.6 X3.8.6 
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Table 1 lists both the new and old 
designations of the X3 Technical 
Committees. 


X3 GROUP DIRECTORS AND SECTION 
MANAGERS APPOINTED 


Charles A. Phillips, Chairman of 
X3, has made the following appoint- 
ments of group directors and section 
managers: 

Hardware Group Director—Charles 
Navoichick, Control Data Cor- 
poration 

Recognition Section Manager— 
Bernard Radack, Internal Reve- 
nue Service 

Physical Media Section Manager— 
Philip S. Johnson, NBS 

Software Group Director—Dennis E. 
Hamilton, UNIVAC 

Language Section Manager—(to be 
named ) 

Documentation Section Manager— 
C. Roger Shock, Naval Com- 
mand Systems Support Activity 
(NAVCOSSACT) 

Data Representation Section Man- 
ager—Thomas 0. Holtey, Honey- 
well 

Systems Group Director—George E. 
Clark, NBS 

System Measurement Section Man- 
ager—(to be named) 

System Technology Section Man- 
ager—Glenn E, Poorte, RCA 


The group directors and section 
managers constitute the X3 Stand- 
ards Steering Committee (SSC), 
which is chaired by Eric H. Clamons, 
General Electric. E. D. Spina, IBM, 
is the SSC vice chairman and 
Leonard H. Sichel, Jr., is the SSC 


secretary. 


1 Order by SD Catalog No. from the Superin- 
tendent of Documents, U.S. Government Printing 
Office, Washington, D.C. 20402, for the price 
indicated. 

2 Order by PB No. from the Clearinghouse for 
Federal Scientific and Technical Information, 
Springfield, Va. 22151, for the price indicated. 

3 See Proposed standard for identification of 
individuals for information interchange, FIPS 
Notes, Nat. Bur. Stand. (U.S.), Tech. News Bull. 
54, No. 6, 133-135 (June 1970). 

“See, Reorganization of ANSI Standards Com- 
mittee X3, FIPS Notes, Nat. Bur. Stand. (U.S.), 
Tech. News Bull. 54, No. 5, 100-102 (May 1970). 
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The NSRDS was established to make 
critically evaluated data in the physi- 
cal sciences available to science and 
technology on a national basis. The 
NSRDS is administered and coordi- 
nated by the NBS Office of Standard 
Reference Data. 


JILA INFORMATION ANALYSIS 
CENTER’S COMPUTER EXPERIENCE 


The Information Analysis Center 
of the Joint Institute for Laboratory 
Astrophysics (JILA), Boulder, Colo., 
collects and critically evaluates low- 
energy electron-collision cross-section 
data, photoionization and absorption 
cross-section data, and electron trans- 
port data. During the 8 years it has 
been in operation, it has progressed 
from a punch card and filing card 
system to a computer system involv- 
ing magnetic tape storage of informa- 
tion and cathode-ray-tube preparation 
of graphical data displays. L. J. 
Kieffer, Director of the JILA Infor- 
mation Analysis Center has provided 
the following summary of the Cen- 
ter’s experience in using computers 
that may be instructive to other data 
and information centers. 

The JILA Center’s data collection 
is rather small (about 4000 citations 
in our bibliographies), with the pres- 
ent input averaging about 40 citations 
and 1500 data points per month. A 
data point consists of two numbers 
suitable for two-dimensional graphi- 
cal display. At present, our total col- 
lection of data points numbers about 
150 000. 

Before devising any computer sys- 
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tem for handling information and 
data, it is very important to have 
goals and objectives well defined. 
Open ended or changing goals make 
it almost impossible to implement and 
maintain a computer based system. 
A very interesting letter identifying 
changes in objectives, improvements 
in software, and constant upgrading 
of computer hardware as reasons for 
the failure of some large data base 
systems was published in Physics To- 
day, October 1966, by H. R. J. Grosch, 
NBS. These problems are serious even 
for small systems such as ours. Be- 
cause we are a small user, we are 
dependent upon a central computing 
facility where changes in software 
and hardware are beyond our control. 
Major hardware changes come about 
every 2 to 3 years while software and 
peripheral equipment changes occur 
more frequently. This time scale 
makes it imperative that accommoda- 
tion to hardware changes take place 
in a few months, while accommoda- 
tion to software and other changes 
must be made in correspondingly less 
time. 

Our first attempt at a computer 
based system involved describing each 
paper on atomic collision physics by 
its usual citation and a list of descrip- 
tive words assigned by a scientist who 
had scanned or read the paper. The 
dictionary of descriptor words, of 
course, was open ended. We intended 
then to use the computer to prepare 
bibliographies by searching the tapes 
and selecting papers with the proper 
combinations of descriptor words. 
After several months were invested in 
preparing programs to accomplish 


this task, we were presented with our 
first hardware change. In addition, 
the new machine being installed was 
only to operate for about a year be- 
fore another machine was to take its 
place. This “changing hardware” 
problem forced us to completely re- 
vise our goals and use the computer 
in a very simple way. 

We decided to do all categorization 
off line and only keep and classify 
papers that reported measurements or 
calculations of collision properties of 
specific atomic and molecular species. 
Our dictionary of descriptors was 
small, finite and closed. The two kinds 
of data we would collect were cross 
sections and rate coefficients. The next 
level of classification was the type of 
reaction and finally the species taking 
part. Once a paper was classified ac- 
cording to this scheme, no computer 
searching was necessary. The infor- 
mation for preparing an annotated 
bibliography could then be stored on 
magnetic tape in the order we wished 
to print them. The order of the reac- 
tions and atomic species in this list 
of course is arbitrary but we chose 
what seemed to be a reasonable con- 
vention. Our basic use of the com- 
puter then is automatic composition 
of bibliographies and data compila- 
tions for publication. In addition, of 
course, the computer has extreme ac- 
curacy and speed over hand composi- 
tion, two very important qualities for 
a data base system where updating is 
important. 

I would certainly not want to sug- 
gest that the way we have chosen our 
goals and then built the computer sys- 
tem to serve them is adequate for all 
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centers. I do want to emphasize 
though that one pays a very dear price 
for using the computer in a more 
sophisticated way and it may be a 
price you cannot afford if you wish 
to accomplish your goals within a 
finite budget. Our experience indi- 
cates that it takes us about six months 
to adapt our programs when a major 
hardware change takes place. It is 
important to keep programs as simple 
as possible, otherwise the time re- 
quired to adapt them becomes com- 
parable to the lifetime of the hardware 
and the system breaks down. This 
criterion is extremely important when 
deciding on the feasibility of any pro- 
posed system. Time to get a new sys- 
tem operating can of course be 
somewhat longer but should probably 
not exceed a year. 

The newest system we have imple- 
mented is one which produces graphi- 
cal displays of our data using a 
cathode ray tube to photocompose 
the displays. About two years ago we 
became aware that the computing fa- 
cility available to us (ESSA-Boulder 
Laboratories) was planning to install 
a Computer Output Microfilm (COM) 
device. We were in the early stages 
of planning our system for compiling, 
storing, and preparing data for pub- 
lication. As all of our data output 
essentially would be graphical dis- 
plays (our present collection contains 
about 1500 graphs) and we wished 
to update these graphs frequently, 
microfilm output was attractive. After 
some consideration we decided that 
the speed and cost of this system were 
important factors in its favor. The 
plotting accuracy, 0.1 percent of full 
scale, was quite adequate for our 
needs. In addition, the 128 character 
set available, including upper and 
lower case, Greek letters, and other 
special symbols, made it possible to 
prepare “camera ready” graphs for 
publication. Our experience had been 
that mechanical plotters were too slow 
and costly and required considerable 
hand work to get adequate camera 
ready graphs. 

After installation of the COM de- 


vice, it took us about a year to obtain 
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what we regarded as adequate graphi- 
cal displays. Since then the quality 
of these displays has improved con- 
siderably. At the present time it costs 
on the average $1.30 to obtain a 
35-mm microfilm frame of a graphical 
display. This includes all computer 
charges. A glossy print of the micro- 
film for manuscript preparation can 
be obtained for $1. The combination 
of speed, accuracy, and cost makes 
this system extremely attractive. We 
have computed some other average 
costs which may be of interest: 60 
cents to write a bibliographic citation 
on our magnetic tapes, and 85 cents 
to write a data set that, on the average, 
consists of 50 data points. The cost of 
writing, maintaining, and improving 
programs is a major cost. During the 
past five years we have had 2.5 man- 
years of programming devoted to our 
system. 


KINETIC DATA ON GAS PHASE 
UNIMOLECULAR REACTIONS 


NSRDS-NBS-21, Kinetic Data on 
Gas Phase Unimolecular Reactions ' 
($7, SD Catalog No. C13.48:21), by 
Sidney W. Benson, Stanford Research 
Institute, and H. Edward O’Neal, San 
Diego State College, is the most re- 
cent critical compilation in the 
NSRDS series. 

This collection of chemical rate 
data has the following purpose: 

a. To provide in a _ convenient 
format a listing and referencing of all 
available reaction rate data for first- 
order, unimolecular, homogeneous, 
gas phase reactions. 

b. To provide insofar as possible 
a critical evaluation of the reported 
kinetic parameters for each reaction. 

c. To compile rate constants and 
Arrhenius parameters for each reac- 
tion and provide as much additional 
information as may be necessary for 
the reader to make an independent 
decision regarding the validity of the 
reported data. 

d. To provide a primary rate data 
collection to which future kinetic re- 
sults pertinent to unimolecular, ho- 
mogeneous gas phase reactions may 
be conveniently added. 


e. To indicate those areas in which 
theories of kinetics and existing rate 
data are nonconcordant, and by so 
doing provide a background with 
which future experimental investiga- 
tions may be both planned and 
compared. 

The authors’ aim has been to review 
all available rate data on thermally 
induced unimolecular, homogeneous, 
gas phase reactions of molecules and 
free radicals, and to present as com- 
prehensive a collection of these data 
as possible. Literature through De- 
cember 31. 1966, has been reviewed. 
Reactions of special interest appear- 
ing in print between January 1, 1967, 
and February 1, 1968, have also been 
included. 

This compilation has been limited 
to the reaction kinetics of thermally 
equilibrated molecules and free radi- 
cals. Ionic species have not been in- 
cluded. Also absent are the reaction 
kinetics of vibrationally and/or elec- 
tronically energetic reactive inter- 
mediates produced photochemically, 
by chemical activation, or by high- 
energy radiation. “Unimolecular” re- 
actions that are not first-order (i.e., 
those in their low-pressure or pres- 
sure-dependent regions) have been 
reviewed only in those cases where 
extrapolations or calculations were 
made to provide estimates of the 
limiting high-pressure first-order rate 
constants. 

In general each reaction is listed 
on a separate data sheet. Exceptions 
to this rule are those reactions that 
have been studied collectively under 
identical experimental conditions for 
correlation purposes. 

Molecular reactions are classified 
in one of four reaction types: a. Mo- 
lecular eliminations (or complex 
fissions); b. Isomerizations of non- 
cyclic compounds; c. Cyclic com- 
pound reactions; and d. Simple bond 
fissions. 

Free radical reactions are treated 
as a fifth and separate group. Within 
each of the four major categories, re- 
actions are subgrouped according to 
mechanistic and structural similari- 
ties. This offers the reader the distinct 
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advantage of being able to rapidly 
scan the results for many reactions of 
the same kind. Reactions have been 
indexed alphabetically in terms of the 
reactants. A section index lists the 
categories and subgroups into which 
each reactant molecule has been filed. 

Preferred values are those judged 
to be most consistent with the experi- 
mental reaction rate and transition 
state theory. In some instances, where 
experimental errors are believed to be 
large enough to accommodate changes 
in the reported Arrhenius parameters, 
preferred values are those estimated 
from transition state calculations. Re- 
sults of transition state calculations 
are given for the purpose of compari- 
son with the experimental values. Re- 
actions reported to be unimolecular, 
but judged by the reviewers as ques- 
tionable, have been cited as either 
suspect or unreliable. In all cases, 
under “Comments” the reasons for 
having made these evaluations are 
given and, where possible, other 
possibly more reasonable interpreta- 
tions are suggested. 

References to each experimental 
study are numbered and listed on the 
same line as the Arrhenius parameters 
of that study. 
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STANDARD FREQUENCY AND 
TIME BROADCASTS 


High-frequency radio _ stations 
WWV (Fort Collins, Colo.) and 
WWVH (Maui, Hawaii) broadcast 
time signals on the Coordinated Uni- 
versal Time (UTC) system as co- 
ordinated by the Bureau International 
de ’Heure (BIH), Paris, France. The 
NBS time scale, UTC(NBS) and the 
U.S. Naval Observatory time scale, 
UTC(USNO) are jointly coordinated 
to within + 5 microseconds. The 
UTC pulses occur at intervals that are 
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ELECTRONIC-EXCITATION 
CROSS-SECTIONS 


The second part of a three-part 
compilation’ entitled Low-Energy 
Electron-C ollision Cross-Section 
Data: Electronic-Excitation Cross- 
Sections prepared at the JILA Infor- 
mation Analysis Center (Boulder, 
Colo.) has been published in Atomic 
Data, Vol. 1, No. 2, Nov. 1969. This 
compilation, authored by L. J. Kieffer, 
presents in graphs and tables selected 
experimental data on cross-sections 
for electronic excitation of some 20 
atomic and molecular targets impor- 
tant in aeronomy, astrophysics, and 
plasma physics. Values for both level 
and line excitation are given as func- 
tions of energy of the impacting elec- 
tron. Criteria used for data selection 
by the author are discussed. The data 
included were taken from the litera- 
ture through December 1968. A bib- 
liography and author index are also 
included. 


BIBLIOGRAPHY ON THE HIGH 
TEMPERATURE CHEMISTRY AND 
PHYSICS OF MATERIALS 


The latest in a series of current- 
awareness bibliographies on_high- 


temperature chemistry and _ physics 
published under the auspices of the 
Commission on High Temperature 
and Refractories of the International 
Union of Pure and Applied Chemistry 
(IUPAC) has been published as Na- 
tional Bureau of Standards Special 
Publication 315-4" (75 cents; SD 
Catalog No. C13.10:315-4). This is- 
sue covers the period October- 
December 1969. Material for the 
bibliography is gathered by scientists 
attached to the Commission. Part I, 
on Solids and Liquids, is compiled by 
members of the Working Group 
scanning the pertinent journals pub- 
lished in their countries and, in some 
cases, in adjacent countries, while the 
literature of the other countries is 
covered by the editor, J. J. Diamond. 
Part II, on Gases, is obtained by 
searching Chemical Abstracts. All 
titles are translated into English. 


1 Order by SD Catalog number from the Super- 
intendent of Documents, U.S. Government Print- 
ing Office, Washington, D.C. 20402, for the price 
indicated. 

? Part I of this compilation, Low-Energy Elec- 
tron-Collision Cross-Section Data: Ionization, 
Dissociation, Vibrational Excitation, Atomic Data 
I, No. 1, Sept. 1969. 


STANDARDS AND CALIBRATION 


longer than one coordinate second by 
300 parts in 10"° during 1970, due to 
an offset in carrier frequency co- 
ordinated by BIH. To maintain the 
UTC scales in close agreement with 
the astronomers’ time, UT2, phase ad- 
justments are made at 0000 hours 
Greenwich Mean Time (GMT) on the 
first day of a month as announced by 
BIH. There will be no adjustment 
made on August 1, 1970. 

The low-frequency radio station 
WWVB (Fort Collins, Colo.) broad- 
casts seconds pulses without offset to 
make available to users the standard 
of frequency so that absolute fre- 


quency comparisons may be made di- 
rectly, following the Stepped Atomic 
Time (SAT) system. Step time ad- 
justments of 200 ms are made at 0000 
hours GMT on the first day of a 
month when necessary. BIH an- 
nounces when such adjustments 
should be made in the scale to main- 
tain the seconds pulses within about 
100 ms of UT2. There will be no ad- 
justment made on August 1, 1970. 
NBS obtains daily UT2 information 
from forecasts of extrapolated UT2 
clock readings provided by the U.S. 
Naval Observatory with whom NBS 
maintains close cooperation. 
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PUBLICATIONS of the National Bureau of Standards* 


PERIODICALS 


Technical News Bulletin, Annual Sub- 
scription: Domestic, $3; foreign, $4. 
Single copy price 30 cents. Available on 
a 1-, 2-, or 3-year subscription basis. SD 
Catalog No. C13.13:54. 


Journal of Research of the National 
Bureau of Standards 


Section A. Physics and Chemistry. 
Issued six times a year. Annual sub- 
scription: Domestic, $9.50; foreign, 
$11.75. Single copy price varies. SD 
Catalog No. C13.22/sec.A:74. 

Section B. Mathematical Sciences. 
Issued quarterly. Annual subscription: 
Domestic, $5; foreign, $6.25. Single 
copy, $1.25. SD Catalog No. C13.22/ 
sec.B:74. 

Section C. Engineering and Instru- 
mentation. Issued quarterly. Annual 
subscription: Domestic, $5; foreign, 
$6.25. Single copy, $1.25. SD Catalog 
No. C13.22/sec.C :74, 


CURRENT ISSUES OF THE JOURNAL 
OF RESEARCH 


J. Res. Nat. Bur. Stand. (U.S.), 74A (Phys. 
and Chem.), No. 4 (July-August 1970), 
SD Catalog No. C13.22/sec.A:74/4. 

Gregory, T. M., Moreno, E. C., Brown, 
W. E., Solubility of CaHPO,-2H.0 in 
the system Ca(OH)--H;PO,-H.0 at 5, 
15, 25, and 37.5 °C. 

Roth, R. S., Waring, J. L., Brower, W. S., 
Effect of oxide additions on the poly- 
morphism of tantalum pentoxide II. 
“Stabilization” of the high temperature 
structure type. 

Roth, R. S., and Waring, J. L., Effect of 
oxide additions on the polymorphism 
of tantalum pentoxide III. “Stabiliza- 
tion” of the low temperature structure 
type. 
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Robinson, R. A., The dissociation con- 
stant of m-nitroanilinium ion in water- 
tetrahydrofuran solvents at 25 °C. 

Goodwin, R. D., and Prydz, R., Specific 
heats of fluorine at coexistence. 

Roth, C., A theoretical investigation of 
the configurations (3d-4s)°4p in neutral 
manganese (Mn 1). 

Creitz, E. C., A literature survey of the 
chemistry of flame inhibition. 

Carter, G. C., Kahan, D. J., Bennett, L. H., 
Cuthill, J. R., and Dobbyn, R. C., The 
NBS Alloy Data Center: Description 
of Index to the literature. 

Papers presented at the Conference, Elec- 
tronic Density of States, NBS Gaithers- 
burg, Md., Nov. 3-6, 1969. 

Schrieffer, J. R., What is a quasi-particle? 

Fadley, C. S., and Shirley, D. A., Elec- 
tronic densities of states from x-ray 
photoelectron spectroscopy. 

Rowell, J. M., Tunneling measurements of 
superconducting quasi-particle density 
of states and calculation of phonon 
spectra. 

Foner, S., Pauli paramagnetism in metals 
with high densities of states. 

Bennett, L. H., Watson, R. E., and Carter, 
G. C., Relevance of Knight shift meas- 
urements to the electronic density of 
states. 


OTHER NBS PUBLICATIONS 


Baker, M. A., 1964 exposure test of por- 
celain enamels on aluminum three year 
inspection, Nat. Bur. Stand. (U.S.), Bldg. 
Sci. Ser. 29, 13 pages (Apr. 1970), 25 
cents, SD Catalog No. C13.29/2:29. 

Bowman, R. R., Quantifying hazardous elec- 
tromagnetic fields: practical considera- 
tions, Nat. Bur. Stand. (U.S.), Tech. 
Note 389, 15 pages (Apr. 1970), 30 cents, 
SD Catalog No. C13.46:389. 

Diamond, J. J., Editor, Bibliography on the 
high temperature chemistry and physics 
of materials. October, November, Decem- 


ber 1969, Nat. Bur. Stand. (U.S.), Spec. 
Publ. 315-4, 85 pages (Jan. 1970), 75 
cents, SD Catalog No. C13.10:315-4. 

The Flammable Fabrics Program, 1968- 
1969. U.S. Department of Commerce re- 
port of activities under the Flammable 
Fabrics Act, 1968-1969, Nat. Bur. Stand. 
(U.S.), Tech. Note 525, 84 pages (Apr. 
1970), 75 cents, SD Catalog No. C13.46: 
525. 

Franklin, A. D., Bennett, H. S., Editors, 
ARPA-NBS program of research on high 
temperature materials and laser materials. 
Reporting period January 1 to June 30, 
1969, Nat. Bur. Stand. (U.S.), Tech. Note 
514, 98 pages (Jan. 1970), $1, SD Cata- 
log No. C13.46:514. 

Lutz, G. J., Editor, Forensic science: A 
bibliography of activation analysis 
papers, Nat. Bur. Stand. (U.S.), Tech 
Note 519, 47 pages (Mar. 1970), 50 cents, 
SD Catalog No. C13.46:519. 

Penner, S., Experimental techniques for 
electron scattering investigations, Nat. 
Bur. Stand. (U.S.), Tech. Note 523, 46 
pages (Apr. 1970), 50 cents, SD Catalog 
No. C13.46:523. 

Philo, H. A., Technical Standards Coordina- 
tor, Polyethylene (PE) plastic pipe 
(SDR), Nat Bur. Stand. (U.S.), Prod. 
Stand. 11-69, 14 pages (Mar. 1970), 15 
cents, SD Catalog No. C13.20/2:11-69. 
(Supersedes Commercial Standard CS 
255-63.) 

Philo, H. A., Technical Standards Coor- 
dinator, Polyethylene (PE) plastic pipe 
(schedule 40—inside diameter dimen- 
sions), Nat. Bur. Stand. (U.S.), Prod. 
Stand. 10-69, 14 pages (Mar. 1970), 15 
cents, SD Catalog No. C13.20/2:10-69. 
(Supersedes Commercial Standard CS 
197-60.) 

Philo, H. A., Technical Standards’ Coor- 
dinator, Polyethylene (PE) plastic pipe 
(schedules 40 and 80—outside diameter 
dimensions), Nat. Bur. Stand. (U.S.), 
Prod. Stand. 12-69, 14 pages (Mar. 
1970), 15 cents, SD Catalog No. C13.20/ 
2:12-69. 
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Screw-thread standards for federal services. 
Part I. Unified UNJ unified miniature 
screw threads, Nat. Bur. Stand. (U.S.), 
Handb. 28, 237 pages (Dec. 1969), $2, 
SD Catalog No. C13.11:28. (Superseding 
H28 (1957) Part I and that applicable 
to Part I in the 1963 Supplement to 
H28.) 

Stevens, M. E., Research and development 
in the computer and information sciences. 
1. Information acquisition, sensing, and 
input: A selective literature review, Nat. 
Bur. Stand. (U.S.), Monogr. 113. Vol. 1, 
170 pages (Mar. 1970), $1.50, SD Catalog 
No. C13.44:113/Vol..1. 

Wacker, P. F., Quantifying hazardous 
microwave fields: Analysis, Nat. Bur. 
Stand. (U.S.), Tech. Note 391, 19 pages 
(Apr. 1970), 30 cents, SD Catalog No. 
C13.46:391. 


PUBLICATIONS IN OTHER JOURNALS 


This column lists all publications by the 
NBS staff, as soon after issuance as prac- 
tical. For completeness, earlier references 
not previously reported may be included 
from time to time. 


Adams, J. W., Jarvis, S., Jr., Current dis- 
tribution in barretters and its application 
to microwave power measurements, IEEE 
Trans. Micro. Theory Tech MTT—17, No. 
10, 778-785 (Oct. 1969). 

Balcom, M. M., Influence of red and blue 
pre-adaptation on hue matching of purple 
samples, J. Opt. Soc. Am. 60, No. 1, 118- 
121 (Jan. 1970). 

Berger, M. J., Seltzer, S. M., Penetration of 
electrons and associated bremsstrahlung 
through aluminum targets, Chapter in 
Protection Against Space Radiation, 
NASA SP-169, pp. 285-322 (National 
Aeronautics and Space Administration, 
Greenbelt, Md., 1968). 

Birky, M. M., Simultaneous recording of 
near-field and far-field patterns of lasers, 
Appl. Opt. 8, No. 11, 2249-2253 (Nov. 
1969). 

Branscomb, L. M., Truth in packaging of 
scientific information, Meas. Data 3, No. 
5, 104-105 (Sept.—Oct. 1969). 

Brauer, G. M., Termini, D. J., Burns, C. L., 
Characterization of components of dental 
materials and components of tooth struc- 
ture by differential thermal analysis, J. 
Dental Res. 49, No. 1, 100-110 (Feb. 
1970). 

Brown, D. W., Wall, L. A., Glass transition 
temperatures of several fluorine-contain- 
ing polymers, J. Polymer Sci.: Part A-2, 
7, 601-608 (1969). 

Christ, B. W., On the mechanism of inter- 
stitial-impurity-induced cross-slip in iron 
deformed near 175 °K, Acta Met. 17, 
No. 10, 1317-1321 (Oct. 1969). 

Christ, B. W., Gamble, R. P., Smith, G. V., 
On the distinction between alloy soften- 
ing due to nitrogen and nickel in dilute 
lattice solution in iron, Script. Met. 3, 
No. 8, 521-530 (Aug. 1969). 

Cohen, M. L, Casella, R. C., Blunt, R. F., 
Forman, R. A., Lattice absorption in 
strontium titanate, Phys. Rev. 186, No. 
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3, 834-838 (Oct. 1969). 

Currie, L. A., Indirect estimation of com- 
ponent variability in chemical and phys- 
ical systems, Anal. Chem. 41, No. 14, 
2051-2054 (Dec. 1969). 

Demtroder, W., McClintock, M., Zare, R. 
N., Spectroscopy of Na: using laser-in- 
duced fluorescense, J. Chem. Phys. 51, 
No. 12, 5495-5508 (Dec. 1969). 

Dickens, B. Brown, W. E., The crystal struc- 
ture of calcium carbonate hexahydrate at 

~— 120°, Inorg. Chem. 9, No. 3, 480—- 
486 (Mar. 1970). 

Durst, R. A., Fluoride microelectrode— 
fabrication and characteristics, Anal. 
Chem. 41, No. 14, 2089-2090 (Dec. 
1969) . 

Ederer, D. L., Computer analysis of re- 
sonance profiles by the method of least 
squares, Appl. Opt. 8, No. 11, 2315- 
2325 (Nov. 1969). 

Eick, J. D., Caul, H. J., Hegdahl, T., Dick- 
son, G., Chemical composition of dental 
gold casting alloy and dental wrought 
gold alloys, J. Dental Res. 48, No. 6, 
1284-1289 (Nov.—Dec. 1969). 

Fatiadi, A. J., Conversion of certain cyclic 
phenylhydrazino derivatives into phenyl- 
azo compounds with periodic acid, J. 
Org. Chem. 35, No. 3, 831-833 (Mar. 
1970). 

Fatiadi, A. J., Preparation of inositol hexa- 
sulfate, Carbohydrate Res. 12, 293-296 
(1970). 

Feldman, A., Horowitz, D., Refractive in- 
dex of cuprous chloride, J. Opt. Soc. Am. 
59, No. 11, 1406-1408 (Nov. 1969). 

Frederikse, H. P. R., Superconducting 
semiconductors (Proc. Conf. Interna- 
tional Advanced Study Institute: Elec- 
tronic Structures in Solids, Chania, 
Crete, Greece, June 30-July 14, 1968), 
Chapter in Electronic Structures in 
Solids, pp. 270-282 (Plenum Press Inc., 
New York, N.Y., 1969). 

Freeman, D. H., Currie, L. A., Kuehner, E. 
C., Dixon, H. D., Paulson, R. A., Develop- 
ment and characterization of ion-exchange 
bead microstandards, Anal. Chem. 42, 
No. 2, 203-209 (Feb. 1970). 

Freeman, D. H., Goldstein, S., Schmuckler, 
G., Homogeneous sulfonation of styrene- 
divinylbenzene copolymers with oleum in 
organic solvents, Israel J. Chem. 7, No. 6, 
741-749 (1969). 

Gadzuk, J. W., Resonance tunneling through 
impurity states in metal-insulator-metal 
junctions, J. Appl. Phys. 41, No. 1, 286— 
291 (Jan. 1970). 

Green, J. A. S., Mengelberg, H. D. Yolken, 
H. T., Oxide growth on copper and alpha- 
brasses in aqueous ammonia, J. Electro- 
chem. Soc. 117, No. 4, 433-437 (Apr. 
1970). 

Haber, S., Stochastic quadrature formulas, 
Math. Computation 23, No. 108, 751- 
764 (Oct. 1969). 

Haber, S., Osgood, C. F., On the sum 
=<na>‘* and numerical integration, 
Pacific J. Math. 31, No. 2, 383-394 
(1969). 

Haller, W., Blackburn, D. H., Wagstaff, F. 
E., Charles, R. J., Metastable immisci- 
bility surface in the system Na:O-B.0;- 
Si0., J. Am. Ceram. Soc. 53, No. 1, 34 
39 (1970). 


Heinrich, K. F. J., Advances in the metal- 
lurgical application of electron probe 
microanalysis, Proc. Conf. 5th Interna- 
tional Congress on X-ray Optics and 
Microanalysis, Tubingen, Germany, Sept. 
9-14, 1968, G. Mollebstedt and K. H. 
Gaukler, eds., pp. 415-423 (Springer- 
Verlag Publ. Co., Berlin, Germany, Dec. 
1969). 

Heinrich, K. F. J., Fiori, C., Yakowitz, H., 
Image-formation technique for scanning 
electron microscopy and electron probe 
microanalysis, Science 167, 1129-1131 
(Feb. 20, 1970). 

Heinrich, K. F. J., Yakowitz, H., Propaga- 
tion of errors in correction models for 
quantitative electron probe microanalysis, 
Proc. Conf. 5th International Congress 
on X-ray Optics and Microanalysis, 
Tubingen, Germany, Sept. 9-14, 1968, G. 
Mollebstedt and K. H. Gaukler, eds., pp. 
151-159 (Springer-Verlag Publ. Co., 
Berlin, Germany, Dec. 1969). 

Henderson, B., Stokowski, S. E., Ensign, T. 
C., Luminescense from F centers in cal- 
cium oxide, Phys. Rev. 183, No. 3, 826— 
831 (July 1969). 

Hosler, W. R., Frederikse, H. P. R., Mag- 
netoresistive effects in KTaQs, Solid State 
Commun. 7, 1443-1449 (1969). 

Ireland, C. T., Ku, H. H., Kullback, S., 
Symmetry and marginal homogeneity of 
an r Xr contingency table, J. Am. Statist. 
Assoc. 64, 1323-1341 (Dec. 1969). 

Kaufman, V., Humphreys, C. J., Accurate 
energy levels and calculated wavelengths 
of “Kr 1, J. Opt. Soc. Am. 59, No. 12, 
1614-1628 (Dec. 1969). 

Kieffer, L. J., Low-energy electron-collision 
cross-section data. Part I: Ionization, dis- 
sociation, vibrational excitation, Atomic 
Data 1, 19-89 (1969). 

Kilgore, S. B., Electronic circuit breaker for 
motor load protection, Rev. Sci. Instr. 41, 
No. 1, 40-41 (Jan. 1970). 

Klein R., Scheer, M. D., Addition of oxygen 
atoms to olefins at low temperature. IV. 
Rearrangements, J. Phys. Chem. 74, No. 
3, 613-616 (Feb. 1970). 

Klose, J. Z., Transition probabilities and 
mean lives of the 3s laser level in neon I, 
Phys. Rev. 188, No. 1, 45-49 (Dec. 
1969). 

Kostkowski, H. J., Erminy, D. C., Hatten- 
burg, A. T., High-accuracy spectral radi- 
ance calibration of tungsten-strip lamps, 
Chapter 4 in Advances in Geophysics 14, 
111-127 (Academic Press Inc., New 
York, N.Y., 1970). 

Krauss, M., Mielczarek, S. R., Minima in 
generalized oscillator strengths: C:H,, J. 
Chem. Phys. 51, No. 12, 5241-5243 (Dec. 
1969). 

Lang, S. B., Rice, L. H., Shaw, S. A., Pyro- 
electric effect in barium titanate ceramic, 
J. Appl. Phys. 40, No. 11, 4335-4340 
(Oct. 1969). 

Latanision, R. M., On the dislocation dis- 
tribution near the surface of lightly de- 
formed copper single crystals, Scripta 
Met. 3, No. 7, 465-470 (July 1969). 

Lechner, R. E., Rowe, J. M., Skéld, K., 
Rush, J. J., Study of molecular reorienta- 
tion in solid neopentane by quasielastic 
neutron scattering, J. Chem. Phys. Let- 
ters 4, No. 7, 444-448 (Dec. 1969). 
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Lide, D. R., Jr, Determination of anhar- 
monic potential constants in linear XYZ 
molecules, J. Mol. Spectr. 33, No. 3, 448- 
459 (March 1970). 

McAlister, A. J., Calculation of the soft X- 
ray K-emission and absorption spectra of 
metallic Li, Phys. Rev. 186, No. 3, 595- 
599 (Oct. 1969). 

McClintock, M., Demtroder, W., Zare, R. N.., 
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